Visible and hidden sectors in a model with Maxwell and Chern-Simons
  gauge dynamics by Ireson, Edwin et al.
Visible and hidden sectors in a model with Maxwell
and Chern-Simons gauge dynamics
Edwin Ireson a, Fidel A. Schaposnik b and Gianni Tallarita c
aDepartment of Physics, Swansea University
Singleton Park, Swansea, SA2 8PP, UK
bDepartamento de Física, Universidad Nacional de La Plata/IFLP/CICBA
CC 67, 1900 La Plata, Argentina
c Departamento de Ciencias, Facultad de Artes Liberales
Universidad Adolfo Ibáñez Santiago 7941169, Chile.
October 8, 2018
Abstract
We study a U(1) × U(1) gauge theory discussing its vortex solutions and super-
symmetric extension. In our set-upon the dynamics of one of two Abelian gauge fields
is governed by a Maxwell term, the other by a Chern-Simons term. The two sectors
interact via a BF gauge field mixing and a Higgs portal term that connects the two
complex scalars. We also consider the supersymmetric version of this system which
allows to find for the bosonic sector BPS equations in which an additional real scalar
field enters into play. We study numerically the field equations finding vortex solutions
with both magnetic flux and electric charge.
1 Introduction
Gauge fields coupled to charged scalars in models with two weakly connected sectors have
recently attracted much attention both in high energy and condensed matter physics. Con-
cerning the former, many extensions of the Standard Model (SM) propose the existence of
additional product gauge groups in models where there are particles transforming under
the new gauge fields and not under the usual local symmetries (See [1]-[2] and references
therein). Also, different supersymmetry extensions of the SM include a hidden sector in-
tended to break supersymmetry (SUSY) leading to acceptable superpartner masses. This
is the case of the supersymmetric model proposed in [3] with two U(1) gauge symmetries
in which the gauge field in the hidden sectors communicates SUSY breaking to the visible
sector through a gauge kinetic term.
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Two possible gauge-invariant and renormalizable mixings between the fields of two Abelian
Higgs model sectors can be considered, either coupling the gauge fields or the complex scalars.
In the former case working in 3 + 1 space-time dimensions one has the so called gauge ki-
netic mixing with an interaction Lagrangian between the two sectors originally introduced
in [4]-[6]
Lmix = ξFµν [A]F
µν [B] (1)
where Fµν is the field strength associated to each one of the two U(1) gauge fields Aµ, Bµ.
In the case of 2 + 1 space-time, relevant for describing systems in planar physics, there
is a second gauge mixing which takes the form of a BF term,
Lmix = ξ
′µναBµFνα[A] (2)
Concerning the scalar-scalar mixing, one has the so-called Higgs portal interaction LHP ,
originally introduced in refs. in [7]-[8],
LHP = ζ|φ2||η|2 (3)
with φ and η the complex scalars. It is interesting to note that if one takes φ as the scalar
doublet of the Standard Model and η as a Goldstone boson, a fractional increase in the
number of relativistic species (dark radiation; e.g., neutrinos) can be produced [9].
Classical string-like solutions to the field equations of models with two Abelian Higgs
sectors connected by a gauge mixing interaction have been found and their possible relevance
in the context of dark matter has been discussed [10]-[12].
Supersymmetric extensions of gauge theories coupled to scalars having two sectors have
been also considered in [13] in connection with lower-energy precision experiments. Now,
supersymmetry necessarily require both types of mixing with couplings appropriately related,
precisely in the way required for the existence of self-dual first order (BPS) equations in the
bosonic sector [14]-[16]. In the case of models with visible and hidden sectors this has been
studied for a 3 + 1 dimensional U(1) × U(1) model with gauge dynamics governed by a
Maxwell term in each sector in ref.[18] and for a 2+1 dimensional model with Chern-Simons
gauge dynamics [19].
Regarding condensed matter applications, 2 + 1 dimensional Abelian Higgs models with
two sectors, in one of which the U(1) symmetry remains unbroken, interesting effects in
connection with superconductivity were discussed [12],[20].
It is the purpose of the present work to consider the case in which the gauge dynamics is
a 2 + 1 dimensional model in which gauge dynamics in each sector corresponds to different
kinetic terms, namely a Maxwell kinetic term in one sector and a Chern-Simons term in the
other. The model could be of interest both in the analysis of a 3 + 1 field theory at high
temperature and also in the study of parity violation phenomena in planar physics.
The plan of the paper is the following. We first consider (in section 2) a bosonic U(1)×
U(1) gauge theory with spontaneous symmetry breaking in both sectors which are connected
through BF gauge mixing and Higgs portal interactions. We then proceed in section 3 to
a SUSY extension of the model , finding first order self-dual equations associated with the
bosonic sector. In section 4 we analyze the numerical solutions of both models, finally giving
in section 5 a summary of the results and conclusions.
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2 The U(1)× U(1) model
We shall consider a 2 + 1 dimensional Abelian gauge theory with dynamics governed by the
following U(1)M × U(1)CS Lagrangian
LU(1)×U(1) = LMH + LCSH + Lmix (4)
Here LMH and LCSH are Maxwell-Higgs (MH) and Chern-Simons-Higgs (CSH) Lagrangians,
LMH = −1
4
F µν [A]Fµν [A] +
1
2
|Dµ[A]φ|2 − VM [φ] (5)
LCSH =
κ
4
αβγBαFβγ[B] +
1
2
|Dµ[B]η|2 − VCS[η] (6)
with (Aµ, φ) and (Bµ, η) the gauge and complex scalar fields in each sector. Field strengths
and covariant derivatives for the MH sector are given by
Fµν [A] = ∂µAν − ∂νAµ , Dµφ[A] = (∂µ + ieAµ)φ (7)
and an analogous formulæfor the B, η fields in the CSH sector, with the coupling constant
e replaced by g. Concerning the scalar potentials, we shall consider for the MH sector the
usual quartic symmetry breaking potential,
VM =
λM
4
(|φ|2 − φ20)2 (8)
which for λM = e2/8 (usually dubbed the Bogomolny point) exhibits, in the case of the
ordinary Abelian Higgs model, first order self-dual equations [17]-[14].
Concerning the potential in the hidden sector, since the model is defined in (2+1) space-
time dimensions one has the choice (on renormalizability grounds) to have a fourth-order or
sixth-order potential. We shall choose the latter option, since only in that case do first-order
self-dual equations exist for the case of a Chern-Simons-Higgs theory with just one sector
[21]-[22]. We then have
VCS =
λCS
4
|η|2(|η|2 − η20)2 (9)
In the case of an ordinary Chern-Simons-Higgs model the Bogomolny point corresponds to
λCS = 4g
4/κ2
The two sectors interact through the mixing Lagrangian Lmix, consisting of a BF-like
coupling between gauge fields, and a Higgs portal coupling the two complex scalars:
Lmix = ξε
µαβAµ∂αBβ + ζ(|φ|2 − φ20)(|η|2 − η20) (10)
We have chosen the Higgs portal in the way it arises in supersymmetric models with the
same gauge dynamics in each sector (either MH-MH or CSH-CSH) [18]-[19]. As we shall
see in the next section such kind of interaction also holds in the present case but of course
supersymmetry forces the coupling constant ζ to take a particular value in terms of coupling
constants e, g, ξ and κ.
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In our conventions, gauge and scalar fields as well as gauge couplings e, g have mass
dimensions 1/2 while the rest of the coupling constants have mass dimensions 1.
The field equations associated to Lagrangian (4) read in the Lorenz gauge
Aµ = i
e
2
(φ∗∂µφ− φ∂µφ∗)− e2|φ|2Aµ − ξεµαβ∂αBβ (11)
κεµαβ∂
αBβ = i
g
2
(η∗∂µη − η∂µη∗)− g2 |η|2Bµ − ξεµαβ∂αAβ (12)
φ+ 2ieAµ∂µφ− e2AµAµφ = −λM
2
(|φ|2 − φ20)φ+ ζ(|η|2 − η20)φ (13)
η + 2igBµ∂µη − g2BµBµη = −λCS
4
(|η|4 − η40)η + ζ(|φ|2 − φ20)η (14)
Let us start by analyzing the Gauss laws resulting from eqs.(11)-(12),
A0 = j0[φ,A; e]− ξεij∂iBj (15)
κεij∂
iBj = j0[η,B; g]− ξεij∂iAj (16)
Here i, j = 1, 2 and the scalar currents are defined as
jµ[φ,A; e] = i
e
2
(φ∗∂µφ− φ∂µφ∗)− e2|φ|2Aµ (17)
and an analogous formula for jµ[η,B; g].
Integrating over space eqs.(15)-(16) we find
QA = ξΦB (18)
QB = ξΦA + κΦB (19)
where we have defined electric charges and magnetic fluxes according to
QA =
∫
d2xj0[φ,A; e] , QB =
∫
d2xj0[η,B; g] , (20)
ΦA =
∫
d2xεij∂
iAj , ΦB =
∫
d2xεij∂
iBj (21)
It is interesting to note that finite energy electrically charged vortex configurations can only
exist in the Abelian Higgs model when the gauge dynamics is governed by a Chern-Simons
term. In the present case, vortices associated to the Maxwell term get a non trivial charge
through the BF term that mixes both gauge fields without provoking any energy divergence,
as we shall see below.
Since we are interested in vortex solutions, we shall make a static axially symmetric
ansatz. As already signalled, in the case of the ordinary Maxwell-Higgs system one has to
choose A0 = 0 since otherwise no finite energy solutions exist. In contrast, for the Chern-
Simons-Higgs model vortices should necessarily carry electric charged since otherwise the
magnetic flux vanishes. In the present case eqs. (18)-(19) force to include both A0 and B0.
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Indeed, for static configurations j0 as defined in eq.(21) leads to an electric charge of the
form
QA = −e2
∫
d2x|φ2|A0 (22)
so that taking A0 = 0 would lead, in view of eq.(18) to ΦB = 0. We then propose the
following Ansatz
φ = f(r) exp(−inϕ) , Aϕ = −1rA(r) , Ar = 0 , A0 = A0(r)
η = q(r) exp(−ikϕ) , Bϕ = −1rB(r) , Br = 0 , B0 = B0(r)
(23)
With this Ansatz the equations for the spatial components of the gauge fields read
A′′ − A
′
r
+ 2rξB′0 − e(n+ eA)f 2 = 0 (24)
κB′0 + 2ξA
′
0 −
g
r
(k + gB)q2 = 0 (25)
Concerning the Gauss laws, they take the form
A′′0 +
A′0
r
+
2ξ
r
B′ − e2A0f 2 = 0 (26)
B0 − 2ξA
′ + κB′
rg2q2
= 0 (27)
Finally, for the radial scalar field equations we have
f ′′ +
f ′
r
− f
(
(n+ eA)2
r2
− e2A20 + λM
(
f 2 − φ20
)
+ 2ζ
(
η20 − q2
))
= 0,
q′′ +
q′
r
− q
(
2
(k + gB)2
r2
− 2g2B20 + 4ζ
(
φ20 − f 2
)
+ λCS
((
η20 − 2q2
)2 − q4)) = 0.
(28)
The appropriate boundary conditions for finite energy vortex solutions are
A(0) = 0 , A0(0) = α0 , φ(0) = 0 , B(0) = 0 , B0(0) = β0 η(0) = 0
A(∞) = −n/e , A0(∞) = 0 , φ(∞) = φ0 , B(∞) = −k/g , B0(∞) = 0 η(∞) = η0
where α0 and β0 are constants.
Concerning magnetic fluxes and electric charges we have from ansatz (23)
ΦA = (2pi/e)n , QA = ξ(2pi/g)k (29)
ΦB = (2pi/g)k , QB = κ(2pi/g)k + ξ(2pi/e)n (30)
We shall present the numerical solutions to the second order radial field equations (24)-
(28) in section 5. It should be stressed that no first order BPS equations can be found for
the case of Lagrangian LU(1)×U(1) (4). Indeed, working à la Bogomolny it is not possible
to accommodate the energy as a sum of squares plus a topological term. We shall then
proceed in the next section to the N = 2 SUSY extension of a model with the same gauge
dynamics searching for the existence of self-dual equations. As we shall see, this will imply
the presence in the bosonic sector of an additional scalar field with non-trivial dynamics, a
scalar potential different from the one we introduced above and a reduction of the number
of independent coupling constants. With all this, we shall see that Bogomolny first order
equations can be found.
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3 The N = 2 supersymmetric U(1)× U(1) Model
We shall consider two N = 2 supersymmetric sectors in 2+1 dimensions, one with Maxwell-
Higgs dynamics, the other one with Chern-Simons-Higgs dynamics with gauge symmetry
breaking in both sectors. These two sectors will be coupled using the CS-like superfield
mixing introduced in [19].
Concerning the Maxwell-Higgs sector, we shall introduce the vector superfield VM , which
in the the Wess-Zumino gauge is composed of a gauge field Aµ, a 2-component complex
spinor ψh, a real scalar field M and an auxiliary scalar field D, and for the matter content,
one introduces a scalar superfield Φ = (φ, λ, F ). containing a complex scalar φ, a complex
fermion λ and an auxiliary field F (which we will omit as there is no superpotential).
The N = 2 supersymmetric Maxwell-Higgs action written in components reads (see [18]
and references therein)
SMH =
∫
d3x
(
−1
4
Fµν [A]F
µν [A] + |Dµ[A]φ|2 + 1
2
D2 + e
(|φ|2 − φ20)D
+
1
2
∂µM∂
µM − e2M2|φ|2 + i
2
ψ¯ /D[A]ψ +
i
2
λ¯/∂λ+ eMψ¯ψ − i
√
2e
(
ψ¯λφ− φ∗λ¯ψ))
(31)
We have included a Fayet-Iliopoulos term (last one in the first line) to implement gauge
symmetry breaking. The γ-matrices are taken as the Pauli matrices with γ0 = σ3, γi = iσi.
The Action SMH is invariant under the following transformations with infinitesimal an-
ticommuting complex parameters η,
δφ =
√
2η¯ψ , δψ = −
√
2η (iγµD
µ[A]− eM)φ ,
δM = i
(
η¯λ− λ¯η) , δAµ = i (η¯γµλ− λ¯γµη) ,
δD = ∂µ
(
ηγµλ¯− η¯γµλ
)
, δλ = η
(
iµνρ∂µAνγρ + /∂M − iD
)
(32)
In the case of the supersymmetric Chern-Simons-Higgs sector we also introduce a vector
superfield VCS, composed (in the Wess-Zumino gauge) of a gauge field Bµ, a 2-component
complex spinor χ, a real scalar field N and the auxiliary scalar field d.
Concerning the matter content, one introduces a scalar superfield Ψ = (η, σ, f) containing
a complex scalar η, a complex fermion σ and an auxiliary field f (again ignored).
The N = 2 supersymmetric action written in terms of component fields (see [19] and
references there) takes the form
SCSH =
∫
d3x
(
κ(
1
4
µνρBµ∂νBρ + χ¯χ+ dN) + |Dµ[B]η|2 + iσ¯γµ 6Dµ[B]σ − g2N2η2
+ gd(|η|2 − η20) + gNσ¯σ − i
√
2e(σ¯χφ+ φ∗χ¯σ)
)
(33)
Concerning SUSY variations, one has
δBµ = i (¯γµχ− χ¯γµ) , δN = i (¯χ− χ¯) (34)
δη =
√
2¯σ , δd = ∂µ (γµχ¯− ¯γµχ) (35)
δχ =  (iµνργρ∂µBν − id+ γµ∂µN) , δσ =
√
2(−iγµDµ[B]η + gNη) (36)
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Finally, we choose, as the N = 2 supersymmetric mixing between the two sectors, the
one introduced in [19] which reads: in components
Smix = ξ
∫
d3x
(
1
2
µνρBµFνρ[A] +
(
λ¯χ+ χ¯λ
)
+ (DN + dM)
)
(37)
The first term in (37) is a BF-like kinetic gauge mixing while the last two terms, once the
auxiliary fields are eliminated using their equations of motion will give rise to a Higgs portal
interaction.
The complete action governing the dynamics of our N = 2 Maxwell-Chern-Simons-Higgs
model is then defined as
SN=2 = SCSH + SMH + Sint (38)
with SCSH , SMH , Sint given by eqs.(33), (31) and (37) respectively
To determine the explicit form of the symmetry breaking potential in action (38) we
consider the equations associated to the auxiliary fields D, d and to N
δD : D = −e(|φ|2 − φ20)− ξN
δd : κN = −g(|η|2 − η20)− ξM
δN : κd = 2g2η2N − ξD (39)
Solving these algebraic equations we express the values of fields D and N in terms of the
remaining scalars, φ, η and M . Note that in the ordinary supersymmetric extension of the
Maxwell-Higgs theory the M -field can be put to zero while in the present case it has non-
trivial dynamics (see eq.(31)) Inserting the values of D, d,N obtained in eq.(39) in action
(38) we get, for the symmetry breaking potential Veff (φ, η,M)
Veff (φ, η,M) =
g2
κ2
(
g(|η|2 − η20) + ξM
)2 |η|2
+
1
2
(
e
(|φ|2 − φ20)− ξκ (g (|η|2 − η20)+ ξM)
)2
+ e2M2|φ|2 (40)
Compared with the potential chosen in the model of the previous section, composed of the
fourth order symmetry breaking potential (8) for the Maxwell-Higgs sector, the sixth order
one (9) for the Chern-Simons-Higgs sector and a Higgs portal term in (10), the resulting
potential Veff exhibits two important differences. Primo, the coupling constants for each
one of the two terms in the potential are not independent parameters but, forced by SUSY,
they are fixed in terms of the gauge coupling constants e, g and the gauge mixing coupling
constant ξ. Secundo, an additional real field M enters in the bosonic sector Lagrangian with
couplings to the other scalars.
In the case of the ordinary supersymmetric Maxwell-Higgs model the equations of motion
of the real scalar M has the solution M = 0 which is then chosen so as to end with the La-
grangian of the ordinary Abelian Higgs model in the bosonic sector. In contrast, the addition
of a Chern-Simons term promotes its role to that of a field with non-trivial dynamics, as orig-
inally observed in [26]-[27]. The same phenomenon takes place in the U(1) × U(1) model,
in which Maxwell and Chern-Simons term belong to different sector which are connected
through a BF gauge mixing term and a Higgs portal.
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The potential Veff has a minimum value Veff = 0 for which both U(1) symmetries are
broken
Veff
[|φ| = φ0, |η| = η0,M = 0] = 0 (41)
Degenerate with this there is also a second symmetric minimum for ξ 6= 0
Veff
[
η = 0, φ = 0,M = (g/ξ)φ20
]
= 0 (42)
provided the following relation between φ0 and η0 holds,
eφ20 = −2g
ξ
κ
η20 (43)
Concerning the Lagrangian for the bosonic sector, it takes the form
Lbos = −1
4
Fµν [A]F
µν [A] + |Dµ[A]φ|2 + 1
2
∂µM∂
µM − e2M2|φ|2 + κ
4
µνρBµ∂νBρ
+|Dµ[B]η|2 + 1
2
µνρBµFνρ[A]− Veff [φ, η,M ] (44)
In order to obtain the BPS equations associated to this bosonic Lagrangian we can proceed
as usual by equating to zero the SUSY variation for fermion fields [15]-[16]. We get
ij∂iAj = ±
(−e(|φ|2 − φ20) + ξg(|η|2 − η20) + ξM) , D±[A]φ = 0
ij∂iBj = ±1
κ
(
ξe
(|φ|2 − φ20)− 1κ (2g2η2 + ξ2)) (g2 (|η|2 − η20)+ ξM)
)
, D±[B]η = 0
A0 = ±M , B0 = ∓1
κ
(
g(|η|2 − η20) + ξM
)
(45)
with D± = D1 ± iD2. These equations, together with the Gauss law (17) saturate the
Bogomolny bound for the energy. The upper (lower) sign corresponds to positive (negative)
value of the magnetic charges.
4 Vortex solutions
We first discuss the numerical solutions to the radial field equations (11)-(14) for the model
with dynamics governed by Lagrangian (4) introduced in Section 2. The numerical solver
involves a second order central finite difference procedure with accuracy O(10−4). Field
profiles of the obtained solutions for different ranges of parameters, are shown in figures 1
to 3.
Figure 1 shows the field profiles’ dependence on the gauge mixing parameter ξ. One can
see in figures 1(a) and 1(b) that the Higgs field profiles are almost insensitive to changes
in ξ, growing from 0 to its vacuum expectation values in the same way as in the ordinary
MH and CSH models. In contrast the BA magnetic field behavior drastically departs with
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respect to type-II superconductivity vortices. Indeed, one can see in figure 1(c) that as ξ
grows the shape of the profile changes and already for ξ = 0.2 (measured in units of φ0) it
develops a second maximum which corresponds to a ring surrounding the origin. This latter
maximum is in fact larger than that in the core.
Concerning the electric field EA, it is of course absent for ξ = 0 but, as ξ grows, it
becomes non-trivial with the shape of two rings with opposite electric field signs . Also in
the CS-Higgs sector the magnetic field behavior radically changes: for ξ = 0 BB vanishes at
the origin as in the ordinary CSH model. Now, for ξ 6= 0 it has a negative value near the
origin and then it becomes positive as r grows. In contrast the electric field EB has a different
behavior as shown in figure 1(f): it vanishes at the origin independently of the ξ value and
solely the position and height of the maximum changes as ξ varies. The behavior of the
electric fields can be better understood by analyzing the bosonic sector of a supersymmetric
version of the model, see next section.
Figure 2 shows the dependence of the field on the value of the Higgs portal coupling
constant ζ with the other parameters fixed. Again the Higgs field profiles do not exhibit a
significant difference as ζ varies (figures 2(a) and 2(b)). Concerning the magnetic and electric
fields their behavior is qualitatively similar to the previously discussed case, in which the ξ
value was changed.
In order to determine how the CS term affects the field behaviors we have analyzed their
dependence on the Chern-Simons factor κ keeping all other parameters fixed. As can be seen
in figure 3 the behavior of the scalar field profiles shows a greater dependence on κ compared
to that found when changing the mixing parameters. As for the magnetic and electric fields,
the behavior is rather similar to those resulting from changing ξ or ζ, this showing that the
presence of the CS term is one of the determinant factors in the physical properties of the
model we are discussing.
We have also studied the dependence of the vortex solutions on coupling constants
e, g, λM , λCS without finding any notable change when their values were varied over a wide
range.
In the case of theN = 2 SUSY model the search for axially symmetric vortex solutions for
its bosonic sector should be done for boundary conditions leading to the symmetry breaking
vacuum (see eq. (41)) together with the condition M(0) = A(0) and M(r) → 0 as r → ∞.
We have solved the Bogomolny equations (45) associated to Lagrangian (44) using the same
numerical approach as the one in the precedent section finding that the profiles for the scalar,
electric and magnetic fields do not differ significantly from the ones obtained for the model
discussed in section 3. We then solely present in figure 4 the results for the real scalar field
M whose presence was forced by supersymmetry.
5 Summary and discussion
In this work we have studied the case of U(1) × U(1) gauge theories with spontaneously
broken symmetry in which the dynamics of one of the U(1) gauge fields is dictated by a
Maxwell term, the other one by a Chern-Simons term. One can then consider that there
two sectors, a visible and a hidden one, as those in models discussed in the context of dark
matter, supersymmetry breaking and other relevant problems in particle physics. Since the
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models are defined in 2+1 space-time dimensions they can be taken as toy models for realistic
models or the high temperature limit of a realistic quantum field theory. They could also
be relevant in connection with condensed matter physics for the study of superconductivity,
quantum Hall effect and topological insulators.
In section 2 we considered a purely bosonic theory in which the interaction between the
two sectors include a gauge field kinetic mixing and a Higgs portal. An interesting point
to notice has to do with the existence of electrically charged vortex solutions. As it is well
known, the Abelian Higgs model with a Maxwell term does not support such solutions which
in contrast should be there if the Chern-Simons action governs the gauge field dynamics.
In the present case, because of the gauge mixing term, vortices in the Maxwell sector are
necessarily charged while the charge in the CS sector gets a contribution from the flux in
the other sector (eqs.(18)-(19)) this leading to the relations (29)-(30) between quantized
magnetic fluxes and electric charges in the two sectors.
The fact that we could not find self-dual equations associated to the U(1) × U(1) La-
grangian (4) was to be expected. Already for a U(1) model including both Maxwell and CS
terms it was shown in [26] that an additional neutral scalar field should be added in order
to be able to write the vortex energy as a sum of squares plus a topological term which then
gives the Bogomolny bound and the corresponding BPS equations.
Another way to find BPS equations is to proceed to the N = 2 supersymmetric extension
of a purely bosonic Lagrangian this implying the existence of the additional scalar field which
in the case of the Maxwell-Chern-Simons dynamics does not have the trivial solution M = 0
[27]. The same happens in the case of our U(1) × U(1) model as was shown in section 3,
where we found that M couples not only with the complex scalar of its sector but also with
the hidden one leading to the effective potential (40)). Following the usual procedure we
have obtained from the supersymmetric fermion field variations the BPS equations that,
together with the Gauss law, allow to find the minima of the energy for each topological
sector.
We present in section 4 a detailed discussion of the numerical solutions that we have
obtained for the two models considered in this work. One of the main features stemming
from the gauge mixing of the two sectors is the onset of a purely radial electric field for
the vortex configurations corresponding to the Maxwell sector because of the presence of
a CS action in the other sector. In fact, the numerical results show that the presence of
the CS term is one of the determinant factors controlling the behavior of the system. As
it is well-known, because of the parity anomaly in 2 + 1 dimensions, Chern-Simmons terms
can be induced by radiative quantum effects, even if they are not present as bare terms in
the original Lagrangian. This is a key property in 2 + 1 bosonization [28]-[29] with many
possible applications to condensed matter problems like those related to quantum Hall effect
and topological insulators. In this context the effective action resulting from integration of
fermions coupled to one of the gauge fields in U(1)×U(1) models could correspond to one of
those studied in this work hence leading to topological configurations of the type described
here.
Acknowledgments: G.T. is funded by Fondecyt grant No. 3140122 . F.A.S. is associated
to CICBA and financially supported by PIP-CONICET, PICT-ANPCyT, UNLP and CICBA
grants.
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Figure 1: Field profiles for different values of the gauge mixing parameter, ξ = 0., 0.1, 0.2.
Progressively larger dashing corresponds to larger values of ξ. Full line corresponds to the
case of no mixing. All dimensional parameters are measured in units of φ0. We have chosen
n = k = 1 and η0 = λM = λCS = 1; e = g = 0.5, ζ = 0.1, κ = 0.18.
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Figure 2: Field profiles for different values of the Higgs portal mixing, ζ = 0., 0.05, 0.1.
Progressively larger dashing corresponds to larger values of ζ. Full line corresponds to the
case of no mixing. All dimensional parameters are measured in units of φ0. We have chosen
n = k = 1 and η0 = λM = λCS = 1, e = g = 0.5, ξ = 0.1, κ = 0.18.
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Figure 3: Field profiles for different values of the Chern-Simons coefficient, κ = 0.1, 0.2,
0.3, 0.4. Progressively larger dashing corresponds to higher κ. All dimensional parameters
are measured in units of φ0. We have chosen n = k = 1, η0 = λM = λCS = 1 and e = g = 0.5,
ξ = ζ = 0.1
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Figure 4: Solution profile for the M field. The solution corresponds to for n = k = 1,
η0 = λM = λCS = 1 and e = g = 0.1, κ = 0.05, ξ = 0.1 (measured in units of φ0).
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